Background: Treatment-resistant depression (TRD) is common and potentially life-threatening in adults, and the benefits and risks of adjunctive aripiprazole in these patients remain controversial. Therefore, we conducted a meta-analysis of randomized controlled trials (RCTs) to assess the efficacy, acceptability, safety, and quality of life of adjunctive aripiprazole in patients with TRD. Methods: RCTs published in PubMed, Web of Science, and Embase were systematically reviewed to evaluate the efficacy and safety profiles of TRD patients who were treated with adjunctive aripiprazole. The main outcome measures included response rate, remission rate, changes from baseline in Montgomery-Asberg Depression Rating Scale (MADRS), Clinical Global Impression-severity (CGI-S), Clinical Global Impression-improvement (CGI-I), 17-Item Hamilton Rating Scale for Depression (HAM-D17), Sheehan Disability scale (SDS), and Inventory of Depressive Symptomatology Self-Report Scale (IDS-SR), discontinuation due to adverse events, and adverse events. Risk ratio (RR) or weight mean difference with 95% confidence intervals (CIs) were pooled using a fixed-effects or random-effects model according to the heterogeneity among studies. Results: A total of 8 RCTs involving 2,260 patients were included in this meta-analysis. Adjunctive aripiprazole was associated with a significantly higher remission rate (RR =1.64, 95% CI: 1.42 to 1.89; P,0.001) and response rate (RR =1.45, 95% CI: 1.13 to 1.87; P=0.004) than other treatments. Moreover, adjunctive aripiprazole had greater changes in MADRS score, CGI-S score, CGI-I score, HAM-D17 score, SDS score, and IDS-SR score. There were more patients treated with adjunctive aripiprazole who discontinued their treatments due to adverse events. The incidence of adverse events was significantly higher in the adjunctive aripiprazole group than in other treatment groups.
Introduction
Major depressive disorder (MDD) is common in adults, which leads to disability, suicidality, and increased mortality. [1] [2] [3] Although several available treatments have been applied for MDD over the past 2 decades, it is still a challenging illness that psychiatrists face. 3 Up to 50%-60% of patients do not achieve adequate response, 4 and two-thirds of them do not experience a timely remission. 5 This is of significant concern, since patients with partial response or residual symptoms have reduced functioning and a worse submit your manuscript | www.dovepress.com
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luan et al prognosis than these with remission. 4 In addition, patients who fail to achieve remission from MDD are more likely to have functional impairment and suicide. 6 These patients who did not respond adequately to the conventional antidepressant therapy are broadly defined as having treatment-resistant depression (TRD). 4 It is difficult to estimate the prevalence of TRD, but patients with TRD usually have poor long-term outcomes and increased risk of recurrence. 7 Therefore, there is need for additional treatment strategies for those patients with TRD.
A range of augmentation and combination strategies has been used to improve the response rate and remission rate in patients with inadequate antidepressant response. 8 These treatment options include mirtazapine, bupropion, and augmentation with lithium, second-generation antipsychotics, olanzapine/fluoxetine combination. 9, 10 Augmentation strategies involve the addition of a nonstandard agent to the treatment regimen. 11 One advantage of augmentation is that it eliminates the transition period between one antidepressant to another, thereby building on any partial response (20%-50% improvement). 12 Aripiprazole is a second atypical antipsychotic approved by the Food and Drug Administration for augmentation treatment of MDD. It is distinct from other antipsychotics acting as a partial agonist at dopamine D2, D3, and serotonin 5-HT 1A receptors and as an antagonist at 5-HT 2A receptors. [13] [14] [15] In one 6-week prospective open-label multicenter study, adjunctive aripiprazole significantly reduced the Montgomery-Asberg Depression Rating Scale (MADRS) score by 14.0 points in patients with MDD who had inadequate antidepressant response. 16 Moreover, it also improved the response rate and remission rate by 52.3% and 39.8%, respectively. 16 There are several clinical trials that assessed the efficacy and safety of adjunctive aripiprazole in TRD patients; however, their results remain inconsistent. Thus, we conducted this meta-analysis of randomized controlled trials (RCTs) to evaluate the efficacy, acceptability, safety, and quality of life of adjunctive aripiprazole in the treatment of patients with TRD.
Methods
search strategy
We conducted this meta-analysis in accordance with the Preferred Reporting Items for Systematic Review and Metaanalysis criteria. 17 A comprehensive search was conducted to identify relevant studies on the use of adjunctive aripiprazole in the treatment of TRD. PubMed, Embase, and Web of Science were searched for all studies published before October 7, 2017. The search was limited to human subjects and no language restriction was imposed. The search terms used were ("depressive disorder, treatment-resistant" [ 
study selection
All clinical trials that were assessed for the efficacy and safety of adjunctive aripiprazole for TRD were considered eligible for analysis. The selection criteria applied were as follows: 1) study design: RCT; 2) population: adult patients diagnosed with TRD; 3) intervention: adjunctive aripiprazole; 4) comparison intervention: any type of control; 5) outcome measure: response rate, remission rate, mean change from baseline in MADRS, Clinical Global Impression-severity (CGI-S), Clinical Global Impression-improvement (CGI-I), 17-Item Hamilton Rating Scale for Depression (HAM-D17), Sheehan Disability scale (SDS), Inventory of Depressive Symptomatology Self-Report Scale (IDS-SR), discontinuations due to adverse events, and incidence of treatmentrelated adverse events.
Data extraction
Data were extracted from selected studies independently by 2 investigators (SL and HW) using a standardized data extraction method. We extracted the following data: first author, year of publication, number of patients in each group, baseline patient characteristics, and outcomes, including remission rate, response rate, mean change from baseline in MADRS, CGI-S, CGI-I, HAM-D17, SDS, IDS-SR, and treatment-related adverse events. The data were entered into a standardized Excel file and checked by a third investigator. Any disagreements between the 2 investigators were resolved by discussion and consensus.
Risk of bias and evidence grade assessment
We used the Cochrane risk-of-bias tool to assess the risk of bias of the included study. 18 Each study was assigned a value of low, unclear, or high risk of bias according to the 
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Efficacy, acceptability, and safety of adjunctive aripiprazole in TRD following domains: random sequence generation; allocation concealment; blinding of participants and personnel to the study protocol; blinding of outcome assessment; incomplete outcome data; selective reporting; and other bias. 18 We also evaluated the quality of evidence for the outcome measures using the Grading of Recommendations Assessment, Development, and Evaluation (GRADE). 19 Each outcome was classified as very low, low, moderate, or high quality of evidence. A summary table was prepared using the GRADE profiler (GRADEpro, version 3.6).
statistical analysis
We estimated the risk ratio (RR) with 95% confidence intervals (CIs) for dichotomous outcomes, and weighted mean difference (WMD) with 95% CIs for continuous outcomes. We first tested the heterogeneity between the studies using I 2 statistics, in which I 2 .50% indicated significant heterogeneity. 20 Whenever heterogeneity was found among the included studies, a random-effects model 21 was used to pool the estimates; otherwise, a fixed-effects model 22 was applied. We also conducted sensitivity analysis, subgroup analysis, and meta-regression to explore the potential sources of heterogeneity whenever significant heterogeneity was present. Publication bias was assessed by the Begg and Mazumdar 23 and Egger et al 24 test. A P-value ,0.05 was judged as statistically significant, except where otherwise specified. All statistical analyses were performed using STATA, version 12.0 (Stata Corporation, College Station, TX, USA).
Results
Identification of eligible studies
The initial search yielded 835 relevant publications, of which 416 were excluded because of duplicate studies. After reviewing the abstract and title, 406 were excluded because of various reasons (reviews, non-RCTs, or not relevant to our topics). Then 13 potentially relevant studies were identified for the full-text information analysis, and 5 were excluded because they were single-arm studies, 16, 25, 26 or did not provide available data, 27 or assigned aripiprazole in both groups. 28 Finally, 8 RCTs 29-36 met the inclusion criteria and were included in this meta-analysis. The search flow chart is shown in Figure 1 .
Characteristics of eligible studies
The main patient characteristics of the 8 included studies are presented in Table 1 . All the included studies were wellperformed, prospective RCTs. Clinical characteristics were matched for age, gender, and duration of current episode in each study. These studies were published between 2007 and 2016. Most of patients in these studies were white, black, and Asian patients. Among the 8 trials, 5 were conducted in USA, 29, 30, [32] [33] [34] 1 in China, 31 1 in Germany, 35 and 1 in Japan. 36 Of the included studies, 7 compared adjunctive aripiprazole with placebo, [29] [30] [31] [32] [33] [34] 36 whereas the remaining 1 compared aripiprazole plus mirtazapine with mirtazapine monotherapy. 35 The dosage of aripiprazole ranged from 2 to 20 mg/day. The duration of follow-up ranged from 4 to 12 weeks, and most of the studies had a follow-up of 6 weeks.
Risk of bias and evidence of grade assessment
The overview of the risk of bias is summarized in Figure 2 . Overall, 5 studies were classified as being at low risk of bias, 2 being at unclear risk of bias, and 1 being at high risk of bias. The reason for high risk of bias was that this study was not conducted in a double-bind design, and participants and personnel were aware of the therapeutic schedule. 35 The reason for the unclear risk of bias was that the 2 studies did not adequately report the methods for random sequence generation or allocation concealment. The GRADE evidence profiles for these outcomes are shown in Table 2 . The quality of evidence was high for remission rate, response rate, changes from baseline in MADRS, CGI-S, and CGI-I scores, discontinuation due to adverse events, and adverse events, and moderate for changes from baseline in HAM-D17, SDS, IDS-SR scores.
remission rate
All the included studies reported the data of remission rate. [29] [30] [31] [32] [33] [34] [35] [36] The remission rate in the adjunctive aripiprazole group and control group was 29.8% and 18.1%, respectively. The aggregated results suggested that adjunctive aripiprazole was associated with a significantly higher remission rate than the control (RR =1.64, 95% CI: 1.42 to 1.89; P,0.001) ( Figure 3 ). No evidence of heterogeneity was found among the included studies (I 2 =0.0%, P=0.995). Subgroup analysis was conducted based on the control. The pooled results showed that adjunctive aripiprazole had a higher remission rate than placebo (RR =1.64, 95% CI: 1.43 to 1.90; P,0.001), but a comparable remission rate with mirtazapine alone when it was combined with mirtazapine (RR =1.25, 95% CI: 0.39 to 3.99; P=0.706) ( Figure 3 ).
response rate
Seven studies reported the data of response rate. [29] [30] [31] [32] [33] 35, 36 The response rate in the adjunctive aripiprazole group and control group was 43.1% and 31.3%, respectively. Pooled results showed that adjunctive aripiprazole group was associated Note: Data presented as n; mean ± SD; or mean (range). Abbreviations: m, months; NR, not reported; SD, standard deviation; y, years. 
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Efficacy, acceptability, and safety of adjunctive aripiprazole in TRD (Figure 4 ). The test for heterogeneity was significant (I 2 =80.4%, P,0.001). Therefore, we conducted sensitivity to explore the potential source of heterogeneity. When we excluded the trial with the smallest sample size, 31 the overall estimation changed slightly (RR =1.46, 95% CI: 1.01 to 2.12; P=0.032), and the heterogeneity was still present (I 2 =85.8%, P,0.001). When we excluded the study with outlier, 35 the pooled result altered slightly (RR =1.56, 95% CI: 1.01 to 2.35; P=0.035), but the heterogeneity was still present (I 2 =86.3%, P,0.001). When we excluded the other studies individually, the overall combination and heterogeneity did not change substantially.
Subgroup analysis was conducted based on the control. The results showed that adjunctive aripiprazole had a higher response rate than placebo (RR =1.50, 95% CI: 1.14 to 1.98; P=0.004), but a comparable response rate with mirtazapine alone when it was combined with mirtazapine (RR =1.09, 95% CI: 0.64 to 1.86; P=0.749) (Figure 4 ).
The change from baseline in MaDrs score
Six studies reported the data of changes from baseline in MADRS score. 29, 30, [32] [33] [34] 36 The pooled results suggested that the mean change in MADRS score was significantly greater in patients receiving adjunctive aripiprazole than in those treated with adjunctive placebo (WMD =-2.83, 95% CI: -2.92 to -2.73; P,0.001) ( Figure 5 ). There was no significant heterogeneity among the included studies (I 2 =0.0%, P=0.630).
The changes from baseline in CGI-I and cgi-s scores
Six studies reported the data of changes from baseline in CGI-S and CGI-I scores. [29] [30] [31] [32] [33] 36 The aggregated results of these studies demonstrated that adjunctive aripiprazole had greater decrease in CGI-S score (WMD =-0.36, 95% CI: -0.46 to -0.26; P,0.001) and CGI-I score (WMD =-0.45, 95% CI: -0.50 to -0.40; P,0.001) than adjunctive placebo ( Figure 6 ). There was significant heterogeneity among the included studies for the CGI-S score. Therefore, we conducted sensitivity analysis. When we excluded the trail conducted by Lin et al 31 the overall estimation did not change substantially (WMD =-0.44, 95% CI: -0.51 to -0.36; P,0.001), and the heterogeneity was still present (I 2 =97.1%, P,0.001). Further exclusion of any single study did not change the pooled estimation and heterogeneity substantially. 
Discontinuations due to adverse events
Six studies reported the data of discontinuations due to adverse events. [30] [31] [32] [33] [34] 36 The rates of discontinuation due to adverse events in the adjunctive aripiprazole and adjunctive placebo groups were 3.7% and 1.7%, respectively. Pooled estimation suggested that, adjunctive aripiprazole resulted in a significantly higher rate of discontinuation due to adverse events than placebo (RR =2.12, 95% CI: 1.23 to 3.67; P=0.007). The test for heterogeneity was not significant (I 2 =0.0%, P=0.810).
adverse events
All the studies reported the data of adverse events. [29] [30] [31] [32] [33] [34] [35] [36] Overall, the incidence of adverse events in the adjunctive aripiprazole and adjunctive placebo groups was 67.9% and 53.6%, respectively. The aggregated results showed that adjunctive aripiprazole had a significantly higher incidence of adverse events than the adjunctive placebo (RR =1. 
Meta-regression analysis
We first conducted univariate meta-regression analyses for each of the following variables: duration of follow-up, dosage of aripiprazole, sample size, and the control agent. The results showed that there was no significant association of effect size with these variables for the response rate (duration of follow-up, P=0.258; dosage of aripiprazole, P=0.165; sample size, P=0.762; control agent, P=0.544). This suggested that these variables were not significant and independent predictors for heterogeneity. 
Discussion
The objective of this meta-analysis was to evaluate the efficacy, acceptability, safety, and quality of life of adjunctive aripiprazole in the treatment of patients with TRD. Our metaanalysis suggested that adjunctive aripiprazole was associated with a significantly higher remission rate and response rate than other treatments. In addition, adjunctive aripiprazole had greater changes in the scores of MADRS, CGI-S, CGI-I, HAM-D17, SDS, and IDS-SR. There were more patients treated with adjunctive aripiprazole who discontinued their studies due to adverse events, and more patients treated with adjunctive aripiprazole who experienced adverse events than those with other treatments. These results help to clarify the risk-benefit profiles of adjunctive aripiprazole for clinicians in the treatment of TRD patients. There have been 2 published systematic review and metaanalysis of augmentation agents for TRD patients. 37, 38 In these studies, the authors evaluated the efficacy, acceptability, and tolerability of several augmentation agents for TRD patients, including aripiprazole, bupropion, buspirone, lamotrigine, lithium, methylphenidate, olanzapine, pindolol, quetiapine, risperidone, and thyroid hormone. Their results suggested that these antipsychotic augmentations have proven efficacious in reducing the depressive symptoms, and aripiprazole also showed benefits in improving the quality of life in TRD patients. 37, 38 Our study spends on the prior studies in providing more significant evidence for the use of adjunctive aripiprazole in TRD. First, the present meta-analysis had a more enlarged sample sizes than the previous analysis, which enhanced the statistical power to assess this effect. In this meta-analysis, we included 8 RCTs involving 2,260 patients, whereas in the previous 2 meta-analysis, there were only 4 RCTs of 1,317 patients focusing on the adjunctive aripiprazole. Second, we also conducted subgroup analysis based on control agent to evaluate the impact of these factors on the overall estimates, which was not analyzed in the previous meta-analysis. 37, 38 Third, in this study, we also evaluated the effects of adjunctive aripiprazole on the changes from baseline in the scores of MADRS, CGI-S, CGI-I, HAM-D17, SDS, and IDS-SR, which were not performed in the previous meta-analysis. 37, 38 The enlarged sample size has increased the statistical power to provide more reliable effect estimates, and the additional analysis provided more comprehensive information for the clinical physicians.
In this meta-analysis, we found that the adjunctive aripiprazole was associated with a significantly higher remission rate and response rate than the control. These findings were consistent with results of the previous controlled studies. 37, 38 In the double-blind, placebo-controlled study of Berman RM, 30 349 patients with inadequate response were randomly assigned to the adjunctive aripiprazole (n=177, 20 mg/day) group or adjunctive placebo (n=172) group. 30 At 14 weeks, the remission rates in the 2 groups were 36.8% and 18.9%, and response rates were 87% and 83%, respectively. 30 This indicated that adjunctive aripiprazole exhibited significantly better efficacy than placebo in the remission rate and response rate. Similarly, in another randomized, doubleblind, placebo-controlled trial, 33 the authors also reported superior effects of adjunctive aripiprazole over placebo. 33 In that study, 381 patients were randomized to adjunctive aripiprazole (n=191, starting dose 5 mg/day, dose adjustments 2-20 mg/day, mean endpoint dose of 11.0 mg/day) or adjunctive placebo (n=190). 33 They were treated with these adjunctive agents for 8 weeks. At the endpoint, patients who received the adjunctive aripiprazole had significantly greater remission rate (25.4% vs 15.2%) and response rate (32.4% vs 17.4%) than those treated with adjunctive placebo. 33 In contrast to their positive results, Lin et al reported a comparable effect of adjunctive aripiprazole with placebo. 31 In that study, 21 and 20 patients were assigned to the aripiprazole group and placebo group, respectively. 31 They received 2.5 mg/day aripiprazole for 10 weeks. 31 At the endpoint, the remission rate and response rate in the aripiprazole group were 71.4% and 85.7%, compared with 50% and 50% in the placebo group, respectively. 31 However, the differences between them were not significant. The authors attributed the negative results to the small sample size. At 4 weeks, the remission rate and response rate were significantly different, but these benefit effects were not observed at the 6 weeks because of the high dropout rate. 31 According to this study, the change from baseline in MADRS score was significantly greater in the adjunctive aripiprazole group than that in the placebo group. This result was inconsistent with reports of the previous studies. 30, 31 Kamijima et al 36 conducted a randomized, double-blind, placebocontrolled study (ADMIRE study), which assessed the efficacy and safety of a fixed dose (3 mg/day) and flexible dose (3-15 mg/day) schedule of adjunctive aripiprazole in Japanese patients. 36 In that study, 286 patients were randomly assigned to the adjunctive treatment with flexible-dose aripiprazole 
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luan et al group (n=194), fixed-dose aripiprazole group (n=197), and placebo group (n=195). 36 After the 8 week treatment, patients who received either the adjunctive fixed dose or flexible dose of aripiprazole achieved a significantly greater reduction from baseline in the MADRS score (-10.5 and -9.6, respectively) than those treated with adjunctive placebo (-7.4). 36 Whereas in another double-blind, placebo-controlled study conducted by Fava et al, 29 they also found a greater improvement of adjunctive aripiprazole in MADRS score, but this change was not significantly different when compared with the placebo. 29 In that study, 255 patients were randomized to adjunctive treatment with aripiprazole 2 mg/day or placebo, with a 2:3:3 randomization ratio to drug/drug (aripiprazole 2 mg/day in Phase I; 5 mg/day in Phase II), placebo/placebo (placebo in both phases), and placebo/drug (placebo in Phase I; aripiprazole 2 mg/day in Phase II). 29 The MARDS mean change for aripiprazole 2 mg/day decreased by 8.5 points in Phase I and 5.8 points in Phase II, compared with 8.1 points in Phase I and 3.3 points in Phase II for placebo, respectively. 36 The difference between the 2 groups was not significant (weighted difference =-1.51, P=0.0649). 36 When the data were pooled from both phases, the mean MADRS score of adjunctive aripiprazole was 1.51 points more than placebo; however, the difference was still not statistically significant (P=0.0649). 36 The authors thought that the interpretation for these negative results were complex. Since the placebo response rate in Phase I was in line with that in the previous positive studies, the robust effects of adjunctive aripiprazole 2-15 mg/day in other trials suggested that the efficacy of low-dose aripiprazole 2 mg/day was minimal. 36 Despite the dosage of aripiprazole was raised to 5 mg/day in the second phase, the aripiprazole-placebo difference was only 4.3%, suggesting that the low-dose aripiprazole might not be efficacious, and the 5 mg/day aripiprazole only presented the minimal-effect benefits. 36 With regard to the safety profile, our results suggested that patients treated with adjunctive aripiprazole experienced a significantly higher incidence of adverse events. Moreover, there were more patients treated in the adjunctive aripiprazole group who discontinued the study due to adverse events than those in the placebo group. The most commonly occurring adverse events with aripiprazole included akathisia, constipation, fatigue, insomnia, restlessness, blurred vision, diarrhea, nausea, and fatigue. Most of these adverse events were generally mild-to-moderate in severity. Akathisia was the most common adverse event with adjunctive aripiprazole. In this study, adjunctive aripiprazole was associated with a 3.47-fold greater likelihood of akathisia than the placebo (RR =4.47, 95% CI: 1.77 to 11.28; P=0.002). This result was consistent with the finding of the study conducted by Lenze et al. 34 In that study, there was a significantly higher rate of akathisia with adjunctive aripiprazole than with placebo (26.7% vs 12.2%). 34 Moreover, akathisia resulted in a temporary increase in suicidal thoughts in 3 patients treated with aripiprazole and trial discontinuation in another 1 patient. 34 Thus, health care professionals should be aware of these adverse effects of aripiprazole and adjust dose or potentially switch treatment.
There were several limitations in this meta-analysis. First, our analysis was based on 8 RCTs, and some of them had a relatively small sample size (n,100). Overestimation of the treatment effect is more likely in smaller trials when compared with larger trials. Second, some of the subgroup analysis was based only on 3-4 studies; thus, conclusion about the remission rate and response rate of adjunctive aripiprazole should be interpreted with caution. Third, we found considerable heterogeneity across the studies in our meta-analysis. It was not surprising given the differences in the study population, duration of the treatment, dosage of aripiprazole, and the definitions of TRD and response. These factors account for the heterogeneity and could affect our results. Fourth, it should be noted that all the included trials were sponsored by pharmaceutical companies; thus, we could not rule out the existence of possible bias that was brought by the inherent conflict of interest.
Conclusion
The present meta-analysis suggested that adjunctive aripiprazole significantly exhibited benefit effects in improving the response rate, remission rate, and the quality of life in patients with TRD. However, clinicians should interpret these findings cautiously in light of the evidence of potential treatmentrelated side effects. More large-scale, well-designed RCTs are needed to verify our findings.
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